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5 

The present invention relates generally to wireless devices, and more 
particularly, to detecting power levels associated with radio frequency signals 
produced by power amplifiers in wireless devices. 

10 BACKGROUND 

Most standards used to regulate communications from wireless devices 
to base stations require that each wireless device control how much power is 
emitted from the wireless device when transmitting a radio frequency signal to 
the base station. As used herein a wireless device refers generally to portable 

15 and mobile wireless devices that use radio frequency signals to transmit and 
receive information. For instance, wireless device refers to, but is not 
necessarily limited to, cellular telephones, personal communication systems 
phones, radiotelephone handsets, personal digital assistants, and other current 
and future wireless handsets. 

20 These communications standards are instituted to ensure that when 

different wireless devices transmit signals to a particular base station, the base 
station receives the signals at relatively the same power level. Otherwise, if 
some wireless devices emit signals with higher power levels than other wireless 
devices to the same base station, the signals with the higher power levels can 

25 swamp (i.e., inundate, overtake, or overpower) signals with lower power levels. 

Accordingly, power levels for signals emitted by a wireless device are 
dynamically controlled over various power level ranges dependent upon 
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various factors, such as how far away the wireless device is from the base 
station. For example, the closer a wireless device is to a base station, the less 
power the transmit signals need in order to maintain a consistent received- 
signal power level at the base station. On the other hand, the farther away a 
5 wireless device is from a base station, the more power the transmit signals need 
in order to maintain a consistent received-signal power level at the base station. 

The key components used to control the power level of signals emitted 
by wireless devices are a radio frequency (RF) power amplifier and a control 
circuit used to set the power level of by the power amplifier. The power 

10 amplifier is primarily used to amplify power levels of signals generated by a 
transmit module of the wireless device before the signals are transmitted by an 
antenna. The control circuitry typically adjusts the power levels produced by 
the RF power amplifier through a feedback loop. 

The feedback loop typically includes an RF directional coupler and a 

15 detector diode connected to an output terminal of the power amplifier for the 
purpose of transferring a voltage measurement indicative of the power level 
produced by the power amplifier back to the control circuitry. The power level 
feedback enables the control circuitry to directly monitor and adjust the power 
level produced by the power amplifier, i.e., boost, maintain, or reduce the 

20 power level produced by the power amplifier. 

In some implementations, it is possible to measure the current produced 
at the output of the power amplifier as means for monitoring the power level 
produced by the power amplifier. This may be accomplished through the use 
of a current sensing resistor coupled to the output of the power amplifier. 

25 In either of the implementations, power losses are attributable to the 

directional coupler/detector diode or the sensing resistor. These power losses 
reduce the battery life of a wireless device, which in turn reduces the usage 
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time (standby and communication time (e.g., talk time)) for a user of the 
wireless device. Additionally, these circuitry components (i.e., directional 
coupler/detector diode or sensing resistor) add to the overall cost to 
manufacture a wireless device. Furthermore, most wireless device 
5 manufactures strive to reduce the size and weight of the wireless devices; 
however, these circuitry components increase the overall size of a wireless 
device, because they increase the parts count associated with the wireless 
device. 



10 SUMMARY 

An apparatus and method for detecting radio frequency transmission 
power levels produced by a power amplifier of a wireless device is described. 
In one exemplary implementation, the apparatus is a transmit module of a 
wireless device and includes a power amplifier, an antenna switch and a power 

15 amplifier detector. The power amplifier is configured to amplify a transmit 
signal to a desired power level. The antenna switch is located between the 
power amplifier and the antenna, and is configured to switch the transmit 
module between a receive mode and a transmit mode. The power amplifier 
detector is connected to the antenna switch. The power amplifier detector is 

20 configured to receive a leakage signal from the antenna switch as a basis to 
measure the power level of the transmit signal. 

The described implementations, therefore, introduce the broad concept 
of detecting the power level of a power amplifier by measuring a leakage signal 
through an antenna switch during a transmit mode for a wireless device. By 

25 measuring the leakage signal, the power efficiency of the wireless device is 
substantially increased, because no additional losses are incurred as a result of 
using passive components, such as directional couplers, inserted between the 
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output port of a power amplifier and an antenna switch, as described above in 
the Background section. Additionally, the part count for wireless devices is 
reduced, which in turn reduces the overall size and weight of the wireless 
device, by shrinking the amount of area needed for a transmit module. There is 
5 also an overall cost reduction associated with manufacturing wireless devices, 
because several of the discrete components, such as directional couplers and 
diodes, may be eliminated from the design of the wireless devices. 



BRIEF DESCRIPTION OF THE DRAWINGS 
10 The detailed description is described with reference to the 

accompanying figures. In the figures, the left-most digit(s) of a reference 
number identifies the figure in which the reference number first appears. 

Fig. 1 illustrates select components of an exemplary wireless device that 
can be utilized to implement the inventive techniques described herein. 
15 Fig. 2 shows a power amplifier control loop that may be used to control 

the power level of a transmit signal from a power amplifier by measuring a 
leakage signal from a control line used to control the antenna switch. 

Fig. 3 shows one example of a lower level circuit diagram for 
implementing the control loop illustrated in Fig. 2. 
20 Fig. 4A shows a power amplifier control loop that may be used to 

control the power level of a transmit signal from a power amplifier by 
measuring a leakage signal at a ground port of the antenna switch. 

Fig. 4B illustrates select circuitry for connecting the power amplifier 
detector to the antenna switch according to one exemplary embodiment. 
25 Fig. 5 illustrates a method used to determine the power level of a 

transmit signal produced by a RF power amplifier. 
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DETAILED DESCRIPTION 
Fig. 1 illustrates select components of an exemplary wireless device that 
can be utilized to implement the inventive techniques described herein. In 
particular, Fig. 1 shows a transmit/receive (TYR) module 104 of a wireless 
5 device (the illustrated T/R module includes components helpful in describing 
the present invention as disclosed herein and may include additional 
components). The T/R module 104 includes a power amplifier control loop 
102 that may be used to control the power level of a transmit signal output 
from a power amplifier 108 by measuring a leakage signal output from an 

10 antenna switch 1 10. 

The power amplifier control loop 102 is ultimately configured to control 
the power level of a signal propagated by the antenna 106. In other words, the 
power amplifier control loop 102 is configured to control a power level, (i.e., 
watts, milliwatts, dBm (decibels below 1 milliwatt), decibels, and other output 

15 power level expressions) associated with radio frequency signals emitted by the 
wireless device via the antenna 106. 

In one implementation, the power amplifier control loop 102 includes a 
power amplifier 108, an antenna switch 110, a power amplifier detector 112, 
and a power amplifier controller 114. 

20 The power amplifier 108 is a radio frequency power amplifier 

configured to amplify a radio frequency signal (also referred to as a transmit-in 
(TXi N ) signal). The power amplifier 108 receives radio frequency signal TXi N 
at an input terminal 116 and produces an amplified transmit signal at an output 
terminal 120. Although only one power amplifier is shown, it is appreciated 

25 that the power amplifier 108 may represent multiple amplifier stages. 
Additionally, it is also appreciated that more than one input and/or output 
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terminal may be present on certain power amplifier designs, although not 
illustrated in Fig. 1 . 

The antenna switch 110 receives amplified transmit signal via the output 
terminal 120 and connects the transmit signal to the antenna 106, where the 
5 transmit signal is transmitted to a base station (not shown). Typically, when the 
T/R module 104 is in a transmit mode, the antenna switch 110 ensures that the 
output terminal 120 is connected to the antenna 106. When the T/R module 
104 is in a receive mode, the antenna switch 110 disconnects the output 
terminal 120 from the antenna 106, and connects the antenna 106 to a receive 

10 path (not shown) in the wireless device. 

A small amount of the transmit signal (also referred to as a "portion of 
transmit signal") leaks from the antenna switch 110 in the form of a leakage 
signal, when the antenna switch 110 is in the transmit mode. The leakage 
signal is transmitted to the power amplifier detector 112, either directly or 

15 indirectly via a connection 121 (e.g., a wire, link, bus, or combination of 
various circuit elements). In one implementation, the leakage signal is in the 
order of -35 decibels-relative-to-carrier (dBc). As shall be described with 
reference to Figs. 2, 3, 4A and 4B, the leakage signal is measured to determine 
and affect the power level of the transmit signal from the output terminal 120. 

20 The power amplifier detector 112 is configured to measure the leakage 

signal to determine the power level of the leakage signal. The measured power 
level of the leakage signal is indicative of a power level of the transmit signal. 
In one implementation, a power level of 30 dBm for the transmit signal 
correlates to approximately -5 dBm for the leakage signal. Of course, various 

25 other correlations may be extrapolated through measurement tests. It is also 
appreciated that the correlation between power levels for the transmit signal 
and leakage signal may vary dependent upon antenna switch designs, 
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components manufacturers, environmental influences, and other design 
variations. 

The power amplifier detector 112 converts the leakage signal to an 
analog control signal at the output of the power amplifier detector 112. This 
5 analog control signal is then used by the power amplifier controller 114 to 
adjust the power of the power amplifier 108. In one exemplary 
implementation, the power amplifier controller 114 transmits the power 
amplifier control signal via a connection 126 (e.g., a wire, link, bus, or 
combination of various circuit elements) to adjust the gain of the power 

10 amplifier 108. 

Fig. 2 shows an exemplary implementation for connecting the power 
amplifier detector 112 to the antenna switch 110. Fig. 2 is identical to Fig. 1, 
except it shows the additional detail of a switch driver 202 connected to the 
antenna switch 110 via a decoder control line 204. The switch driver 202 

15 controls the switching mode (or state) of the antenna switch 110. The switch 
driver 202 generates direct current (DC) binary signals, which are transferred to 
the antenna switch 110 via the decoder control line 204. These DC binary 
signals control how and when the antenna switch 110 switches between the 
transmit and the receive modes. 

20 Fig. 3 shows lower-level details of the power amplifier detector 112 and 

the power amplifier controller 114. The power amplifier detector 112 is 
connected to a node A. In operation, when the antenna switch 110 is in the 
transmit mode, the leakage signal (i.e., RF leakage signal) passes through node 
A and a voltage level (i.e., RF voltage level) associated with the leakage signal 

25 is realized at node A, which is detected by the power amplifier detector 112. 

The power amplifier detector 112 contains a detector 310, which is 
typically a detector diode. A voltage-to-current (V/I) converter 308 converts 
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the V RAMP voltage to a sinking current, whereas the detector 310 provides a 
source current. Both the sinking and source currents are used to drive a power 
control amplifier 314, which is used as an integrator. When the sum of the 
sinking current and the source current is equal, the voltage on a feedback 
5 capacitor 316 at the output of the power control amplifier 314 becomes fixed. 
At this point, the power amplifier control loop 102 is in equilibrium, with a 
fixed power out of the power amplifier 108, which is dependent on the control 
voltage V RAMP 306. 

In an alternative implementation, two detector diodes (not shown) can 

10 be used in place of a single detector diode. For instance, with two detector 
diodes (not shown), one detector diode does the detecting, and the other 
detector diode is biased with the same current, so that the control loops 
sensitivity to temperature is minimized. The latter diode is used to obtain the 
reference voltage V REF 312. 

15 Fig. 4 A shows an implementation for connecting the power amplifier 

detector 112 to the antenna switch 110. In this implementation, the output 
terminal 120 of the power amplifier 108 is connected to an antenna port 402 of 
the antenna switch 110 via a switch 440. A switch 406 is connected to a 
receive port 404 of the antenna switch 110. A resistor 408 is connected to the 

20 switching element 406. 

In one implementation, the antenna switch 110 includes four receive 
ports (not shown) and two antenna ports, but other quantities of transmit or 
receive ports, greater or smaller, may be used in other implementations. In one 
implementation, the switches 406 440, and 442 are Field Effect Transistors 

25 (FET). Alternatively, the switches can include other types of switching 
elements, such as a diode, a pin-diode, a transistor, and/or one or more other 
types of switching elements. 
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In operation, when the antenna switch 110 is in the transmit mode, some 
of the transmission power associated with the transmit signal leaks onto one or 
more of the receive ports 404. In the transmit mode the switching element 406 
connects the one or more receive ports 404 to the resistor 408. A power level 
5 associated with the leakage signal is realized at node A, which is detected by 
the detector 112. Once again, the detector 112 in conjunction with the power 
amplifier controller 114, adjust the output power level of the power amplifier 
108 based on the power level of the leakage signal and the external V RAMP 
signal. In one implementation, the leakage signal will generally range between 
10 -20 to -AO dBc relative to the power amplifier output 120. 

Fig. 4B illustrates select circuitry for connecting the power amplifier 
detector 112 to the antenna switch 110 according to one exemplary 
embodiment. As shown in this illustration, a switch 440 connects power 
amplifier 108 to antenna port 402. A switch 442 connects the antenna port 402 
15 to the receive port 404. A switch 444 connects the receive port 404 to node A. 

In operation, when in the transmit mode, the power amplifier 108 
transmits the transmit signal to switch 440, which is CLOSED allowing power 
to be transmitted out of antenna port 402 to the antenna. Switch 442 is OPEN, 
but a leakage signal (shown as 422) passes through switch 442 to switch 444. 
20 Switch 444 is CLOSED allowing a leakage signal to be transmitted to node A. 
A voltage is then generated across resistor 408, which is detected by power 
amplifier detector 112. 

When in the receive mode, detection is not performed, and the switches 
440, 442, and 444 are in the inverse states as when they are in the transmit 
25 mode. For instance, in the receive mode, switch 440 is OPEN, switch 442 is 
CLOSED and switch 444 is OPEN. As shown in Fig. 4B, the switches 440, 
442, and 444 are implemented with shunt FETs, but other types of switches 
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could be employed, such as diodes, transistors, and other related switching 
elements. 

Fig. 5 illustrates a method 500 used to determine the power level of a 

transmit signal produced by a RF power amplifier. Method 500 includes 
5 blocks 502, 506, and 508. The order in which the method is described is not 

intended to be construed as a limitation, and any number of the described 

method blocks can be combined and/or performed simultaneously. 

Furthermore, the method can be implemented in any suitable hardware, 

software, firmware, or combination thereof. 
10 In block 502 a leakage signal is detected from an antenna switch. The 

power amplifier detector 112 detects the leakage signal from one of the receive 

ports 404 of the antenna switch 110. 

In block 504 the power level of the transmit signal is determined based 

on the leakage signal detected from the antenna switch described in block 502. 
15 Since the leakage signal is indicative of a portion of the power level of the 

transmit signal produced by the RF power amplifier, it is possible to determine 

the power for the transmit signal based on a power level for the leakage signal. 

For example, the power amplifier detector 112 determines the power level for 

the transmit signal. 

20 In block 506, the output power level of the power amplifier can be 

adjusted based on the detected leakage signal and an external control signal 
Vramp- For example, a power amplifier controller 114 (Figs. 1, 2, 3, 4A, and 
4B) sends the power amplifier control signal (Figs. 1, 2, 3, 4A and 4B) to the 
power amplifier 108 (Figs. 1, 2, 3, 4A and 4B) to adjust the power level of the 

25 transmit signal (Figs. 1, 2, 3, 4A and 4B). 

Although the invention has been described in language specific to 
structural features and/or methodological acts, it is to be understood that the 
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invention defined in the appended claims is not necessarily limited to the 
specific features or acts described. Rather, the specific features and acts are 
disclosed as exemplary forms of implementing the claimed invention. 
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